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This paper explores the work of Ludwik Fleck and its applicability for the analysis of innovation 
in complex technical systems. The objectives of the paper are twofold. First, it strives to bring 
Ludwik Fleck back on the map of technology analysis. For this purpose, it develops a Fleckian 
perspective on technological change and innovation that augments the well-known concept 
of technological paradigms with insights about thought styles and collectives. Secondly, the 
paper shows that this perspective provides important cues to understand the interactions of 
different  industrial  sectors  in  innovation  –  a  common  yet  under-researched  occurrence  in 






































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































                                                            
1 Of course, Fleck’s work has received wide attention in the sociology and philosophy of science, but with regard to 
technological change and innovation Fleckian ideas have not received detailed attention. Remarkable exceptions 
are Bijker, whose ideas of technological frames and inclusion borrow from Fleck in passing (Bijker, 1987: 186n4) and 











































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































                                                            





















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































                                                            
3 As the title suggests, Kuhn dedicates more than half of his book to an exploration of scientific revolutions. And 
indeed, this idea has caused much of the popularity of Kuhnian ideas (cf. Fuller, 2003). However, scientific revolutions 
also rank among the most problematic aspects of his work as they impose a rigid scheme on the history of science 
and scientific disciplines as a whole. In this paper, I do not focus on scientific revolutions in greater detail. I have 











































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































                                                            
4 I do this for the sake of sharpening differences between the authors. I do not attempt to make any statement 
about how closely Kuhn really examined Fleck’s prototype. Kuhn was aware of Fleck’s work, but he insisted to have 































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































                                                            
5 See Douglas (1986) for a more detailed discussion of this point. 
6 Note that “perception of form” is used as a translation of Gestaltsehen, a translation that masks Kuhn’s and Fleck’s 
joint emphasis of gestalt as an important element of paradigms and thought styles, respectively.  
7 Fleck does suggest that the history of comprehensive theories proceeds through eras of classicity, “when only those 
facts are recognized that conform to it exactly”, and eras with complications, “when exceptions begin to come 
forward” that may occasionally outnumber normal instances (DGSF: 29). While this anticipates some ideas that Kuhn 
uses to describe scientific revolutions, it is only a sideline in the argumentation of Fleck. This difference is the most 

























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































                                                            
8 Note that “practical performance” is a translation of “realisierende Ausführung”. This phrase from the German 
original, which was the version available to Kuhn, readily connects with Kuhnian ideas of puzzle solving and 
mopping up activities.  
9 Fleck illustrates this point with the example of fashion. Here, the “most dedicated followers of fashion” can be 
found in customers with no direct contact to “the powerful dictators forming the esoteric circle” (DGSF: 108). Only 



































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































                                                            













































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































4.  Challenging  incommensurability:  Ludwik  Fleck  and  the  analysis  of 
complex technical systems 
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o
n
o
f
d
i
f
f
e
r
e
n
t
p
a
r
a
d
i
g
m
s
t
h
a
t
c
o
n
s
t
i
t
u
t
e
s
a
k
e
y
c
h
a
l
l
e
n
g
e
(
P
e
i
n
e
,
2
0
0
8
a
)
.
L
u
d
w
i
k
F
l
e
c
k
’
s
w
o
r
k
p
r
o
v
i
d
e
s
a
n
u
m
b
e
r
o
f
m
o
r
e
s
o
p
h
i
s
t
i
c
a
t
e
d
n
o
t
i
o
n
s
t
h
a
t
s
e
e
m
s
t
o
b
e
m
o
r
e
s
u
i
t
a
b
l
e
i
n
t
h
i
s
r
e
s
p
e
c
t
:
F
i
r
s
t
,
i
t
i
n
c
l
u
d
e
s
a
c
o
n
c
e
p
t
i
o
n
o
f
m
a
t
u
r
e
i
n
d
u
s
t
r
i
e
s
t
h
a
t
i
s
s
i
m
i
l
a
r
t
o
t
h
a
t
o
f
K
u
h
n
.
I
n
a
F
l
e
c
k
i
a
n
r
e
a
d
i
n
g
,
k
n
o
w
l
e
d
g
e
p
r
o
d
u
c
t
i
o
n
i
n
m
a
t
u
r
e
i
n
d
u
s
t
r
i
e
s
p
r
o
c
e
e
d
s
i
n
s
t
a
b
l
e
t
h
o
u
g
h
t
c
o
l
l
e
c
t
i
v
e
s
,
a
n
d
h
e
r
e
t
h
e
i
n
t
e
r
p
l
a
y
b
e
t
w
e
e
n
a
(
m
o
r
e
o
r
l
e
s
s
)
d
o
m
i
n
a
n
t
d
e
s
i
g
n
a
n
d
t
h
e
s
e
a
r
c
h
r
o
u
t
i
n
e
s
i
t
h
a
s
c
r
y
s
t
a
l
l
i
z
e
d
a
c
c
o
u
n
t
s
f
o
r
t
h
e
t
e
n
a
c
i
t
y
o
f
t
h
e
r
e
s
p
e
c
t
i
v
e
R
&
D
t
r
a
j
e
c
t
o
r
y
.
H
o
w
e
v
e
r
,
F
l
e
c
k
’
s
w
o
r
k
h
a
s
p
r
o
v
i
d
e
d
m
o
r
e
d
e
t
a
i
l
s
a
b
o
u
t
t
h
e
c
o
n
t
i
n
u
o
u
s
s
o
c
i
a
l
p
r
o
d
u
c
t
i
o
n
o
f
t
e
n
a
c
i
t
y
,
a
n
d
i
n
p
a
r
t
i
c
u
l
a
r
i
t
h
a
s
m
a
d
e
a
d
i
s
t
i
n
c
t
i
o
n
b
e
t
w
e
e
n
t
h
e
i
n
n
e
r
a
n
d
o
u
t
e
r
c
i
r
c
l
e
s
o
f
a
t
h
o
u
g
h
t
c
o
l
l
e
c
t
i
v
e
,
w
h
e
r
e
t
h
e
c
o
m
m
u
n
i
c
a
t
i
o
n
a
m
o
n
g
t
h
e
s
e
c
i
r
c
l
e
s
p
r
o
d
u
c
e
s
a
c
e
r
t
a
i
n
b
a
l
a
n
c
e
b
e
t
w
e
e
n
s
t
a
b
i
l
i
t
y
a
n
d
c
h
a
n
g
e
.
I
n
t
h
i
s
s
e
n
s
e
,
a
F
l
e
c
k
i
a
n
u
n
d
e
r
s
t
a
n
d
i
n
g
o
f
i
n
n
o
v
a
t
i
o
n
r
e
s
e
m
b
l
e
s
a
p
a
r
t
i
c
u
l
a
r
s
t
r
e
n
g
t
h
o
f
K
u
h
n
i
a
n
n
o
t
i
o
n
s
,
i
.
e
.
i
t
g
r
a
n
t
s
t
o
t
e
c
h
n
o
l
o
g
i
s
t
s
a
p
e
c
u
l
i
a
r
r
o
l
e
i
n
p
r
o
d
u
c
i
n
g
c
h
a
n
g
e
w
i
t
h
i
n
i
n
d
u
s
t
r
i
e
s
,
y
e
t
i
t
e
m
p
h
a
s
i
z
e
s
t
h
a
t
s
t
a
b
i
l
i
t
y
i
s
d
e
p
e
n
d
e
n
t
o
n
t
h
e
o
r
g
a
n
i
z
a
t
i
o
n
a
l
s
t
r
u
c
t
u
r
e
o
f
t
h
e
c
o
m
p
l
e
t
e
i
n
d
u
s
t
r
y
.
W
i
t
h
r
e
g
a
r
d
t
o
t
h
e
a
n
a
l
y
s
i
s
o
f
c
o
m
p
l
e
x
t
e
c
h
n
i
c
a
l
s
y
s
t
e
m
s
,
t
h
i
s
i
m
p
l
i
e
s
t
h
a
t
t
h
e
c
l
o
s
u
r
e
o
f
i
n
d
u
s
t
r
i
e
s
u
p
o
n
c
e
r
t
a
i
n
d
e
s
i
g
n17 
a
n
d
s
e
a
r
c
h
h
e
u
r
i
s
t
i
c
s
c
a
n
h
a
v
e
d
i
f
f
e
r
e
n
t
a
n
d
c
h
a
n
g
i
n
g
d
e
g
r
e
e
s
t
h
a
t
a
r
e
a
m
a
t
t
e
r
o
f
c
o
n
t
i
n
u
o
u
s
c
o
l
l
e
c
t
i
v
e
e
f
f
o
r
t
s
.
S
e
c
o
n
d
l
y
,
F
l
e
c
k
’
s
c
o
n
c
e
p
t
i
o
n
i
m
p
l
i
e
s
a
w
e
a
k
a
n
d
g
r
a
d
e
d
n
o
t
i
o
n
o
f
i
n
c
o
m
m
e
n
s
u
r
a
b
i
l
i
t
y
,
i
.
e
.
c
o
m
m
u
n
i
c
a
t
i
o
n
b
e
t
w
e
e
n
t
h
o
u
g
h
t
c
o
l
l
e
c
t
i
v
e
s
i
s
p
o
s
s
i
b
l
e
t
o
d
i
f
f
e
r
e
n
t
a
n
d
c
h
a
n
g
i
n
g
d
e
g
r
e
e
s
.
I
n
d
e
e
d
,
F
l
e
c
k
a
s
s
u
m
e
s
t
h
a
t
t
h
i
s
i
s
a
p
r
i
m
e
d
r
i
v
e
r
o
f
c
h
a
n
g
e
.
H
e
n
c
e
,
w
h
e
r
e
c
o
m
m
u
n
i
c
a
t
i
o
n
b
e
t
w
e
e
n
t
h
o
u
g
h
t
c
o
l
l
e
c
t
i
v
e
s
i
s
p
o
s
s
i
b
l
e
,
t
h
i
s
m
a
y
b
o
t
h
g
i
v
e
r
a
i
s
e
t
o
a
n
e
w
t
h
o
u
g
h
t
c
o
l
l
e
c
t
i
v
e
a
n
d
t
r
i
g
g
e
r
c
h
a
n
g
e
s
w
i
t
h
i
n
t
h
e
o
r
i
g
i
n
a
l
c
o
l
l
e
c
t
i
v
e
s
.
W
h
i
l
e
F
l
e
c
k
h
a
s
n
o
t
e
l
a
b
o
r
a
t
e
d
u
p
o
n
t
h
e
s
e
a
s
p
e
c
t
s
i
n
g
r
e
a
t
d
e
t
a
i
l
,
h
i
s
w
r
i
t
i
n
g
s
s
u
g
g
e
s
t
t
h
a
t
o
n
c
e
c
o
m
m
u
n
i
c
a
t
i
o
n
b
e
t
w
e
e
n
t
h
o
u
g
h
t
c
o
l
l
e
c
t
i
v
e
s
i
s
i
n
i
t
i
a
t
e
d
t
h
e
c
l
o
s
e
d
n
e
s
s
o
f
t
h
o
u
g
h
t
c
o
l
l
e
c
t
i
v
e
s
b
e
c
o
m
e
s
p
e
r
m
e
a
b
l
e
,
a
n
d
t
h
e
p
r
o
d
u
c
t
i
o
n
o
f
s
t
a
b
i
l
i
t
y
a
n
d
c
h
a
n
g
e
p
r
o
c
e
e
d
s
o
n
d
i
f
f
e
r
e
n
t
t
e
r
m
s
h
e
n
c
e
f
o
r
t
h
.
W
h
e
n
d
i
f
f
e
r
e
n
t
p
a
r
a
d
i
g
m
s
b
a
t
t
l
e
f
o
r
d
o
m
i
n
a
n
c
e
(
D
e
w
,
2
0
0
6
;
S
u
a
r
e
z
,
2
0
0
4
)
,
t
h
e
r
e
f
o
r
e
,
t
h
i
s
b
a
t
t
l
e
,
i
n
a
s
t
r
i
c
t
l
y
F
l
e
c
k
i
a
n
p
e
r
s
p
e
c
t
i
v
e
,
d
o
e
s
n
o
t
h
a
v
e
t
o
b
e
r
e
s
o
l
v
e
d
i
n
f
a
v
o
u
r
o
f
o
n
e
p
a
r
a
d
i
g
m
,
b
u
t
m
a
y
l
e
a
d
t
o
l
i
n
k
s
b
e
t
w
e
e
n
a
n
d
c
h
a
n
g
e
s
i
n
t
h
e
s
e
o
r
i
g
i
n
a
l
p
a
r
a
d
i
g
m
s
.
F
o
r
i
n
n
o
v
a
t
i
o
n
o
f
c
o
m
p
l
e
x
t
e
c
h
n
i
c
a
l
s
y
s
t
e
m
s
t
h
i
s
m
e
a
n
s
t
h
a
t
d
i
s
t
i
n
c
t
i
n
d
u
s
t
r
i
e
s
c
a
n
c
o
m
p
e
t
e
f
o
r
d
o
m
i
n
a
n
c
e
i
n
a
p
a
r
t
i
c
u
l
a
r
f
i
e
l
d
,
b
u
t
t
h
a
t
s
u
c
h
c
o
m
p
e
t
i
t
i
o
n
m
a
y
d
e
v
e
l
o
p
f
o
r
m
s
o
f
k
n
o
w
l
e
d
g
e
p
r
o
d
u
c
t
i
o
n
t
h
a
t
t
r
a
n
s
c
e
n
d
t
h
e
b
o
u
n
d
a
r
i
e
s
o
f
e
a
c
h
o
f
t
h
e
s
e
i
n
d
u
s
t
r
i
e
s
a
l
o
n
e
.
T
h
i
r
d
l
y
,
f
o
r
F
l
e
c
k
o
v
e
r
l
a
p
a
n
d
i
n
t
e
r
r
e
l
a
t
e
d
n
e
s
s
,
b
o
t
h
w
i
t
h
i
n
a
n
d
b
e
t
w
e
e
n
t
h
o
u
g
h
t
c
o
l
l
e
c
t
i
v
e
s
,
i
s
a
p
r
i
m
a
r
y
f
e
a
t
u
r
e
o
f
t
h
e
o
r
g
a
n
i
z
a
t
i
o
n
o
f
t
h
o
u
g
h
t
c
o
l
l
e
c
t
i
v
e
s
.
I
n
t
h
i
s
s
e
n
s
e
,
h
i
s
t
h
e
o
r
y
i
s
p
a
r
t
i
c
u
l
a
r
l
y
s
u
i
t
a
b
l
e
t
o
c
a
p
t
u
r
e
t
h
e
d
i
f
f
e
r
e
n
t
l
e
v
e
l
s
o
f
k
n
o
w
l
e
d
g
e
p
r
o
d
u
c
t
i
o
n
r
e
l
e
v
a
n
t
i
n
i
n
n
o
v
a
t
i
o
n
o
f
c
o
m
p
l
e
x
t
e
c
h
n
i
c
a
l
s
y
s
t
e
m
s
,
a
n
d
t
o
c
o
m
e
t
o
g
r
i
p
s
w
i
t
h
n
e
w
s
t
r
u
c
t
u
r
e
s
t
h
a
t
e
m
e
r
g
e
i
n
a
d
d
i
t
i
o
n
t
o
e
x
i
s
t
i
n
g
s
t
r
u
c
t
u
r
e
s
.
I
n
t
e
r
-
i
n
d
u
s
t
r
y
l
i
n
k
a
g
e
s
,
i
n
a
s
t
r
i
c
t
l
y
F
l
e
c
k
i
a
n
s
e
n
s
e
,
c
o
m
p
r
i
s
e
t
h
e
c
o
m
m
u
n
i
c
a
t
i
o
n
b
e
t
w
e
e
n
s
t
a
b
l
e
t
h
o
u
g
h
t
c
o
l
l
e
c
t
i
v
e
s
,
a
n
d
d
e
v
e
l
o
p
a
n
i
n
i
t
i
a
l
l
y
v
o
l
a
t
i
l
e
b
u
t
p
o
t
e
n
t
i
a
l
l
y
s
t
a
b
i
l
i
z
i
n
g
n
e
w
c
o
l
l
e
c
t
i
v
e
.
F
l
e
c
k
h
a
s
p
r
o
v
i
d
e
d
a
v
o
c
a
b
u
l
a
r
y
t
o
a
n
a
l
y
z
e
t
h
e
s
o
c
i
a
l
p
r
o
c
e
s
s
e
s
t
h
a
t
l
e
a
d
(
o
r
d
o
n
o
t
l
e
a
d
)
t
o
t
h
e
s
t
a
b
i
l
i
z
a
t
i
o
n
a
n
d
i
n
s
t
i
t
u
t
i
o
n
a
l
i
z
a
t
i
o
n
o
f
t
h
i
s
n
e
w
s
t
r
u
c
t
u
r
e
,
a
n
d
t
h
e
c
h
a
n
g
e
s
i
t
t
r
i
g
g
e
r
s
(
o
r
d
o
e
s
n
o
t
t
r
i
g
g
e
r
)
i
n
t
h
e
o
r
i
g
i
n
a
l
s
t
r
u
c
t
u
r
e
s
.
I
n
t
h
i
s
s
e
n
s
e
,
a
F
l
e
c
k
i
a
n
u
n
d
e
r
s
t
a
n
d
i
n
g
o
f
i
n
n
o
v
a
t
i
o
n
s
e
e
m
s
t
o
b
e
p
a
r
t
i
c
u
l
a
r
r
e
l
e
v
a
n
t
t
o
e
x
p
l
o
r
e
i
n
g
r
e
a
t
e
r
d
e
t
a
i
l
d
i
a
c
h
r
o
n
i
c
s
y
s
t
e
m
’
s
i
n
t
e
g
r
a
t
i
o
n
,
w
h
e
r
e
t
h
e
a
c
c
u
m
u
l
a
t
i
o
n
o
f
a
r
c
h
i
t
e
c
t
u
r
a
l
k
n
o
w
l
e
d
g
e
h
a
s
t
o
b
e
s
t
a
b
i
l
i
z
e
d
f
r
o
m
i
n
i
t
i
a
l
l
y
u
n
c
e
r
t
a
i
n
a
n
d
v
o
l
a
t
i
l
e
a
t
t
e
m
p
t
s
t
o
c
o
o
r
d
i
n
a
t
e
c
h
a
n
g
e
s
i
n
t
h
e
k
n
o
w
l
e
d
g
e
b
a
s
e
s
o
f
t
h
e
c
o
m
p
o
n
e
n
t
s
.
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